ABSTRACT NP Per is a well-detached, 2.2 day eclipsing binary whose components are both pre-main-sequence stars that are still contracting toward the main-sequence phase of evolution. We report extensive photometric and spectroscopic observations with which we have determined their properties accurately. Their surface temperatures are quite different: 6420±90 K for the larger F5 primary star and 4540±160 K for the smaller K5e star. Their masses and radii are 1.3207±0.0087 solar masses and 1.372±0.013 solar radii for the primary, and 1.0456±0.0046 solar masses and 1.229±0.013 solar radii for the secondary. The orbital period is variable over long periods of time. A comparison of the observations with current stellar evolution models from MESA indicates that the stars cannot be fit at a single age: the secondary appears significantly younger than the primary. If the stars are assumed to be coeval and to have the age of the primary (17 Myr), then the secondary is larger and cooler than predicted by current models. The Hα spectral line of the secondary component is completely filled by, presumably, chromospheric emission due to a magnetic activity cycle.
INTRODUCTION
NP Per (classified EA/DM, mag. 11.53-12.35, TYC 2371-0390-1, spectral type :G4) was found to be an eclipsing binary star by Perova et al. (1966) from photographic plates. They proposed an orbital period of about 2.229 days, which is close to the currently adopted period. Later, Kholopov (1975) suggested a period twice this value, which we now know is not the case. The error was due to the very shallow secondary eclipses. Little else has been published on this star until now, except for some times of minimum light. NP Per is projected against the region of the Perseus star-forming complex (Belikov et al. 2002a) , which suggests that it may be a very young object worthy of investigation. Few such pre-mainsequence (PMS) systems have been studied in detail (see, e.g., Stassun et al. 2014) . Here, we report our extensive photometric observations using two robotic telescopes, as well as spectroscopic observations which, when combined, allow us to determine accurate absolute properties for the components. The spectroscopic orbital results are discussed in Section 2, the disentangling of the spectra in Section 3, and the photometric orbital solution in Section 4. We report the absolute dimensions in Section 5, followed by a comparison with theory in Section 6. We conclude with a discussion and final remarks.
SPECTROSCOPIC OBSERVATIONS AND ORBITS
From 2011 November through 2014 November, we acquired 56 high-quality spectra of NP Per with the Tennessee State University 2 m Automatic Spectroscopic Telescope (AST) and a fiber-fed echelle spectrograph (Eaton & Williamson 2007) at Fairborn Observatory in southeast Arizona. Of these spectra, 55 were suitable for radial velocity measurements. All of the spectra had 60 minute exposures. The detector for these observations was a Fairchild 486 CCD, having 4096 × 4096 15 micron pixels. While the spectrograms have 48 orders ranging from 3800 to 8260 Å, we have used just the orders that cover the wavelength region from 4920 to 7100 Å. Because of the faintness and moderately rapid rotation of NP Per, we made our observations with a fiber that produced a spectral resolution of 0.4 Å, corresponding to a resolving power of 15,000 at 6000 Å. Our spectra have typical signal-to-noise ratios (S/Ns) of 40 at 6000 Å. See Fekel et al. (2013) for additional information about the AST facility. Fekel et al. (2009) gave a general explanation of the velocity measurement of our Fairborn echelle spectra. Briefly, using the lines in our solar-type star list, we measured radial velocities of both components. Those velocities were determined by fitting the individual lines with rotational broadening functions (Lacy & Fekel 2011) , and we allowed both the depth and width of the line fits to vary. Our unpublished measurements of several IAU solar-type velocity standards show that these Fairborn Observatory velocities have a zero-point offset of −0.6 km s −1 when compared to the results of Scarfe (2010) . So, we have added 0.6 km s −1 to each velocity. Our spectroscopic observations and those velocities are given in Table 1 . Our rotational broadening fits of lines in our spectra with the highest S/Ns, result in v sin i values of 31±2 km s −1 and 29±3 km s −1 for components A and B, respectively. Adopting the photometric period, we initially computed an eccentric orbital solution for the primary. However, that solution produced a very small eccentricity of 0.0028±0.0015. Because of that result and the circular orbit conclusion from the photometric solution, we next determined separate circular orbits of the two components. A comparison of the two solutions shows that the two center-of-mass velocities differ by just 0.6 km s −1 , a 2σ result. From the variances of the two solutions the velocities of the primary and secondary were assigned weights of 1.0 and 0.15, respectively. We then combined the weighted velocities into a two component solution. Portion of the disentangled spectra of the primary (bottom) and secondary (top) compononts of NP Per. The secondaryʼs disentangled spectrum is shifted by +0.2 for clarity. The plots represent the separated components' spectra, i.e., these spectra are still in the common continuum of the binaryʼs total light. These spectra are available in the on-line edition of the Journal as Tables 4 and 5. solution of the combined data with the period as a free parameter resulted in P=2.2285889±0.0000063 days, which differs by 2.5 sigma from a more precise photometric value of 2.22857242±0.00000012 days. Our Fairborn radial velocities are compared with the calculated velocity curves of the primary and secondary in Figure 1 , where zero phase is a time of maximum velocity. 
ATMOSPHERIC PARAMETERS AND METALLICITY FROM SPECTRAL DISENTANGLING
The spectra of double-lined binary stars are often rather complicated to analyze due to severe and variable line blending caused by Doppler shifts in the course of orbital motion, which is only exacerbated if the stars are rapidly rotating. A reliable determination of the atmospheric parameters and chemical composition of the components is greatly simplified by disentangling the spectra. The method of spectral disentangling (hereafter SPD) was developed by Simon & Sturm (1994) as a generalization of a tomographic separation technique introduced earlier by Bagnuolo & Gies (1991) . In SPD, the individual spectra of the components as well as a set of orbital elements can be optimized simultaneously. This obviates the need to derive radial velocities, which are required as an input for the tomographic procedure of Bagnuolo & Gies (1991) .
For the present work we have used the disentangling code FDBinary (Ilijic et al. 2004) , which operates in Fourier space based on the prescription of Hadrava (1995) . As the orbital elements for NP Per are well known (Section 2), we applied SPD in pure separation mode to obtain the component spectra. Restricting the analysis to observations out of eclipse, such as we have for NP Per, the disentangled spectra remain in the common continuum level of the total light of the binary, which is preserved in the process. Renormalization is therefore required for a proper atmospheric analysis of the individual spectra. External information is needed for this, typically in the form of the flux ratio between the components (eg., Hensberge et al. 2000 , Pavlovski & Hensberge 2005 .
We used 56 spectra of NP Per for SPD, including one that was of insufficient quality for use in determining its radial velocity. No weights were assigned to the observed spectra in SPD. One spectrum with a low S/N did not influence the SPD and the quality of the disentangled spectra, which we did check carefully. Corrections for the blaze function, continuum normalization, and merging of the echelle orders was performed following the procedures recommended by Kolbas et al. (2015) . Proper continuum normalization is a critical step to avoid undulations in the disentangled spectra, as is having sufficiently complete phase coverage, which in our case we have. We selected two spectral regions for disentangling, based on the spectral information content and the desire to avoid contamination from telluric lines: one spans the range 5000-5800 Å, and the other the range 6540-6800 Å and includes Hα and the Li 6707 Å line. These spectral windows were further split into shorter segments of 50-100 Å, depending on the availability of line-free continuum windows. Special care was taken to select the edges of each segment at the continuum level, as errors in this process can negatively impact Fourier SPD affecting the line strength for lines close to the edges (e.g., Hensberge et al. 2008) . Therefore, segments selected for SPD were always chosen in such a way that edges of contiguous segments overlapped by at the least one quarter of their lengths, so that the strength of the lines at the segment edges could be checked for consistency. Sections of the disentangled spectra for the primary and secondary are shown in Figure 2 on the continuum scale of the combined light.
For the renormalization of the disentangled spectra needed to recover the individual continua (see Hensberge et al. 2000 , Pavlovski & Hensberge 2005 ) we adopted a prescription for the flux ratio between the components that is a function of wavelength. As described in more detail in Section 5, a first approximation to the flux ratio was obtained from initial estimates of the effective temperatures based on color indices and information from the light curve analysis, along with synthetic spectra computed with PHOENIX model atmospheres from Husser et al. (2013) . Preliminary temperatures for both stars obtained as described below were then measured from the component spectra renormalized in this way, and the process was repeated, resulting in only minor changes to the flux ratio and temperatures. The secondary of NP Per is roughly 10 times fainter than the primary at 5000 Å, and 5 times fainter at Hα.
As the method of SPD effectively co-adds the flux from the observed spectra in constructing the disentangled spectra, the latter gain in S/N compared to our observations and this makes it possible to perform a detailed atmospheric analysis. The S/Ns from SPD are approximately 265 for the primary and 40 for the secondary in the visible region of the spectrum. These S/Ns were measurements in the disentangled spectra as a mean in five short windows in the continua. The most numerous lines in the primary are from Fe I. We used the UCLSYN code (Smalley et al. 2001 ) to measure equivalent widths for a selection of these lines taken from the compilation by Bruntt et al. (2012) . The effective temperature of the primary along References.
(1) Kholopov (1975) , (2) Diethelm ( with its micro-turbulent velocity were determined in the standard way from the Fe I lines using the condition of excitation balance, and imposing a null correlation between the iron abundance and the reduced equivalent widths, respectively. The surface gravity was held fixed at log g=4.28, close to the value adopted in the next section. Abundances were calculated in LTE using Kurucz (1979) model atmospheres, with reference to the standard scale of Asplund et al. (2009) .
We were able to derive abundances for four species in the primary star: Fe I, Ni I, Cr I, and Ti I. These results, along with the measured effective temperature and microturbulent velocity, are listed in Table 3 . The uncertainties we report include contributions from the temperature and microturbulence errors, as well as the intrinsic scatter from the lines. The dominant The period has clearly changed, although during the last decade (where the observational uncertainties are all very small) the change has also been small. The current period is about 2.2285724 days, as indicated by the fitted horizontal line. The cause of the long-term and short-term variations is not known for certain, though the long-term changes might be attributed to the influence of an unseen (L 3 =0 when varied in the light curve fitting process) third component, and the short-term changes might be due to some unknown mass-loss process. contribution to the uncertainties in the abundances for all species examined is the uncertainty in the determination of the effective temperature. That these uncertainties are very similar could be either a coincidence, or the result of our careful selection of lines with good atomic data, resulting in a similar scatter. The renormalized disentangled spectrum of the secondary has too small a S/N to allow accurate abundance determinations, though we were able to derive its effective temperature from an optimal fit (Tamajo et al. 2011 ) to the renormalized spectrum over the 5050-5700 Å region, albeit with much larger uncertainty than the primary. A search for the signatures of a third star in the systemʼs spectra by using SPD was negative. FDBinary was used in the mode for disentangling triple systems in a hierarchical triple system with a tentative third component in the outer orbit. This procedure was applied to several spectral windows. We obtained as well estimates of the projected rotational velocities for both stars, which we also list in Table 3 . The separate disentangled spectra of the components are included with the on-line version of this article (Tables 4 and 5 ). The abundances derived for the primary star, which we assume also represent those of the secondary, are all close to solar within 1 sigma. Given the presumed youth of these stars (Belikov et al. 2002a ), we made an effort to measure the lithium abundance in both components from the 6707 Å line. From our LTE analysis we obtained values of A(Li) = 3.20±0.08 for the primary and 2.91±0.16 for the secondary, on the usual scale in which the number abundance of hydrogen is 12. These high values, near the adopted primordial (meteoritic) abundance of A(Li) = 3.26 from Asplund et al. (2009) , are consistent with the stars being very young.
PHOTOMETRIC OBSERVATIONS AND ORBIT
We began V-band photometric observations of NP Per with the URSA WebScope on 2003 December 2. URSA is a 10 inch Schmidt-Cassegrain telescope made by Meade Instruments Corp., equipped with a V-band filter and a Santa Barbara Instruments Group ST8 CCD camera, housed in a Technical Innovations RoboDome, all controlled by a Macintosh computer in a control room under the observing deck of Kimpel Hall on the University of Arkansas campus at Fayetteville (Lacy et al. 2005) . The brightness of NP Per is near the faint end of the observing range for this instrument, so a larger telescope, the NFO WebScope, was brought to bear on 2005 February 27. Nearly all the observations after this date were obtained with the NFO, which is a robotic 24 inch Cassegrain reflector located near Silver City, NM, USA. See the article by Grauer et al. (2008) for details about the NFO. Both telescopes used Bessel V filters consisting of 2.0 mm of GG495 and 3.0 mm of BG 39. Exposures were 120 seconds long for both telescopes, and the cadence was typically 150 seconds per image. The images contained the variable star (TYC 2371-0390-1 = BD +31 0729) and 2 comparison stars, TYC 2371-156-1 and TYC 2371-1034-1, of approximately the same brightness and color as the variable star. The differential magnitudes were measured by using a pattern-recognition application, Multi-Measure, written by author Lacy, which corrected for the differences in airmass to the measured stars during each exposure, and also their mid-exposure HJD. The observations are given in Table 6 for the URSA WebScope and in Table 7 for the NFO WebScope. The variable star magnitudes were relative to the sum of the fluxes of the comparison stars. The standard deviation of the difference between the two comparison stars was 0.0133 mag, while the standard deviation of the variable-comps residuals from the theoretical fit was 0.0140.
The first step in obtaining an accurate photometric orbit is to determine an accurate eclipse ephemeris. Dates of eclipses were obtained from the literature. These dates are given in Table 8 . A plot of the results is shown in Figure 3 .
The components have a relatively short orbital period and are both rapidly rotating, thus one might expect star spot modulation, especially from the cooler component, but there is no clear evidence of spot variability in the light curve. At F5 the larger star A is likely too early in spectral type to have significant spots, and the smaller star B is possibly too faint to show a significant amplitude in the combined light.
The linear ephemeris of primary eclipses during the epoch of NFO observations is given by HJD Min I=2,455,454.8289(3) + 2.2285688(6) E. Times of secondary eclipses have a mean orbital phase of 0.50004(48), so are consistent with a circular orbit. The photometric observations in Tables 6 and 7 were analyzed by using the NDE model as implemented in the jktebop code of John Southworth (see Lacy et al. 2014 for details). Dates of observations were corrected, before analysis, for the non-linearity shown in Figure 4 . The results are given in Table 9 and shown in Figures 5-7 .
When the eccentricity and longitude of perihelion were included in the fitting as variables, the eccentricity was found to be not significantly different from zero, so circular orbits were assumed in the final fits. Because the number of NFO observations is almost 10 times the number of URSA observations, we have adopted the NFO solution to use in further analysis.
ABSOLUTE PROPERTIES
Accurate absolute masses and radii of the NP Per components were obtained by combining the results of the photometric and spectroscopic analyses, and are listed in Table 10 . Formal errors are at the level of about 1% or smaller, on a par with some of the most precise results available for detached eclipsing binaries (Torres et al. 2010) . Effective temperatures are more prone to systematic errors, and the values initially derived from our disentangled spectra were found to be somewhat sensitive to the flux ratio adopted for renormalizing them, particularly for the secondary star, which is roughly seven times fainter than the primary in the V band.
To handle this we began by estimating the temperatures from available standard photometry of the combined light in the Johnson-Cousins, Sloan, Tycho-2, and 2MASS systems (Hog et al. 2000; Cutri et al. 2003; Droege et al. 2006; Henden et al. 2012) . Where possible we removed observations in eclipse to avoid biases. We constructed 14 different but non-independent color indices, and used color/temperature calibrations by Casagrande et al. (2010) and Huang et al. (2015) to infer mean effective temperatures. Solar metallicity was assumed, in accordance with our measurements reported in Section 3, and the colors were de-reddened by adopting E(B-V) = 0.26±0.04 based on the recent extinction map of Green et al. (2015) , and a preliminary distance estimate of 300 pc. We note that this level of reddening is considerably higher than estimates from earlier sources (Burstein & Heiles 1982; Hakkila et al. 1997; Schlegel et al. 1998; Drimmel et al. 2003; Amores & Lepine 2005) , but is consistent with independent estimates by Belikov et al. (2002b) for stars in the same region as NP Per and at the same distance. The resulting mean photometric temperature, 6070±180 K, was combined with the value of the central surface brightness ratio from our JKTEBOP solution (Table 9 ) and with the visual absolute flux calibration of Popper (1980) to infer preliminary individual temperatures for the components (approximately 6400 and 4550 K for the primary and secondary).
Synthetic spectra based on PHOENIX model atmospheres (Husser et al. 2013) for those temperatures were then used to estimate the flux ratio as a function of wavelength. This served in turn to renormalize the disentangled spectra and produce more reliable spectroscopic estimates of the temperatures. This process was iterated once more, resulting in the final flux ratio as a function of wavelength displayed in Figure 8 , and final adopted spectroscopic temperatures of 6420±90 K and 4540±160 K, as reported earlier in Section 3. These correspond to spectral types F5 and K5, respectively. The excellent agreement between the predicted flux ratio integrated over the V band (indicated with a square in Figure 8 ) and the value measured from the light curve fit (cross) is an indication that the spectroscopic and photometric analyses are selfconsistent, and supports the accuracy of the radius ratio from the light curve. We note also that the spectroscopic temperature difference (1880±180 K) is in good agreement with the more precise value expected from the central surface brightness ratio (1840±70 K). The weighted average projected rotational velocities from our two determinations, also listed in Table 10 , are slightly larger than synchronous rotation. The uncertainties in the measured v sin i values are conservative estimates. Phase smearing during the 60 minutes spectroscopic observations could broaden the lines, at the most, by 0.5 km s −1 , so the actual v sin i values are likely smaller and closer to the synchronous rotation values.
COMPARISON WITH STELLAR EVOLUTION MODELS
The accurate properties derived for NP Per and its status as a very young binary illustrated below provide a unique opportunity to test models describing the early stages of stellar evolution. In Figure 9 , we compare the observations against evolutionary tracks for solar metallicity and masses near those we measure for each component, computed using the MESA code (Modules for Experiments in Stellar Astrophysics; Paxton et al. 2011 Paxton et al. , 2013 Paxton et al. , 2015 and interpolated from an extensive grid of models presented by Choi et al. (2016) .
The cooler secondary is clearly in the PMS stage (dotted section of the evolutionary tracks) near the bottom of the Hayashi track, while the primary, also a PMS star, is close to the end of the radiative phase approaching the zero-age mainsequence (ZAMS). The agreement between theory and observation appears fairly good in this diagram, with the temperature of the primary being only marginally cooler than expected by about 1.5σ. However, there is in fact a rather serious hidden discrepancy in that the inferred age of the primary based on its size is 17.1±0.2 Myr, while that of the secondary is only 9.6±0.6 Myr. Tests with different sets of models from the Dartmouth (Dotter et al. 2008 ), PARSEC (Bressan et al. 2012) and Pisa series (Tognelli et al. 2011) produce qualitatively similar results, always suggesting the secondary is significantly younger than the primary.
The discordance is shown more directly in Figure 10 , where the predicted radius and temperature of both stars are given as a function of age. To our knowledge no compelling evidence has been presented of real age differences among close binary components that cannot be ascribed to observational errors (see, e.g., Valle et al. 2016 for a recent discussion of the influence of empirical uncertainties on ages, and also Kraus & Hillenbrand 2009) 6 . If we make the assumption that the true age of the system is closer to the age of the primary star, then the measured properties of the secondary are in significant disagreement with theoretical predictions for that age: the secondary appears too Note. a Relies on the visual absolute flux ( F V ) calibration of Popper (1980) , which is unitless. The apparent V magnitude of NP Per outside eclipse is taken to be 11.53±0.11 from the APASS survey (Henden et al. 2012 ) and the TASS survey (Droege et al. 2006) . The Tycho-2 measurement seems to be somewhat anomalous and was not used.
large as well as too cool for the measured mass (see Figure 10 , and also Figure 9 ). The direction of these differences is reminiscent of that found in many well-studied main-sequence eclipsing binaries with cool components, a phenomenon that is thought to be related to stellar activity (see, e.g., Torres 2013). The opposite assumption, that the binary has the age inferred for the secondary, seems less likely as it would imply an enormous temperature discrepancy for the primary of more than 1000 K. Flux ratio as a function of wavelength between the secondary and primary of NP Per computed from solar-metallicity PHOENIX spectra (Husser et al. 2013) for temperatures near our final values. A smoothed version of this relation was used for renormalizing the disentangled spectra. The square represents the predicted flux ratio in V, and the cross is the measured value from the NFO light curve. Figure 9 . MESA evolutionary tracks for solar metallicity and masses of 1.32 (blue) and 1.04 solar masses (red) compared against the measured log g and temperature of the NP Per components. PMS sections of the tracks are indicated with dotted lines, which are changed to solid when they reach the main sequence. The beginning of the main sequence is defined in these models as the point where the hydrogen-burning luminosity exceeds 99.9% of the total luminosity before the central hydrogen fraction falls below its initial value by 0.0015 (see Dotter 2016) . The small crosses on the tracks are placed at the best-fit age for each star, and the open circles mark the location of each component at the best-fit age for the other star.
Our measurement of the Li abundance for the primary, shown in the lower panel of Figure 10 , is consistent with predictions from the MESA models within the error. The secondary, however, seems somewhat less depleted than expected by about 2 sigma at the nominal secondary age and almost 3 sigma at the age of the primary. This discrepancy is in the same sense as pointed out by Choi et al. (2016) , who noted that standard models even fail to match the Li depletion in the Sun, a star not very different in mass from the secondary of NP Per. Models tend to burn too much lithium early on, clearly indicating some missing physics. Possibilities suggested by Choi et al. (2016) include rotation during the PMS stage (not incorporated into these models), or changes in the mixing length parameter.
DISCUSSION AND FINAL REMARKS
NP Per is included in a catalog of some 30,000 stars in the region of the Perseus star-forming region compiled by Belikov et al. (2002a) on the basis of astrometric and photometric information. The binary is very likely associated with the Per OB2 association embedded in the complex. This is supported by the kinematics of NP Per (Tycho-2 proper motion; Hog et al. 2000) matching those of stars in the association, our distance estimate of 290 pc in excellent agreement with estimates for Per OB2 by Belikov et al. (2002b) , 270-320 pc, and the high lithium abundance, particularly for the secondary. The comparison with stellar evolution models in the preceding section confirms its youth, which is also broadly consistent with estimates for other stars in the association.
The importance of NP Per stems from the fact that it is one of relatively few known PMS double-lined eclipsing binaries that are amenable to detailed investigations such as ours. These systems are critical for testing stellar evolution models at young ages, which are largely unconstrained by observations. Studies of only 15 such binaries have appeared in the literature to date (see Stassun et al. 2014 , Kraus et al. 2015 , Lodieu et al. 2015 , though only four of them have absolute masses and radii measured to better than 3%. NP Per now joins that group.
The disagreement between theory and observation for NP Per in the log g versus temperature diagram is intriguing. It is seen in all models, suggesting a common problem with the physical ingredients. Under our working assumption that the binary system has the age of the primary, the secondary appears both larger and cooler than predicted by the MESA models by about 9% in each quantity. Similar degrees of "radius inflation" and "temperature suppression" observed in many wellmeasured M dwarfs (or more generally any star with a convective envelope) that are members of eclipsing binaries are ascribed to magnetic activity and/or spots, which are not included in standard models. Our SPD enables us to investigate this idea. While the reconstructed spectra are too weak in the blue to check for the possible presence of emission cores in the Ca II H and K lines, the disentangled spectrum of the secondary in the Hα region shows that this line is filled in by emission up to the level of the continuum (see Figure 11) , indicating a significant level of chromospheric activity, as would be expected for a very young and rapidly rotating K star. Spots are also likely on this star, although as pointed out earlier any light curve modulation by spots would be difficult to detect giventhe flux ratio of about 7 in the V bandpass.
Activity effects have been discussed specifically for PMS stars by Stassun et al. (2014) and also Somers & Pinsonneault (2015) . The former authors examined the impact of activity on the theoretical predictions for their sample of 13 PMS eclipsing binaries, many of which are also not well fit by models, but concluded that activity alone was not able to fully explain the discrepancies. In noting that many of their systems are triples, they proposed that the influence of third components may also partially explain some cases through dynamical or tidal interactions and ensuing heat transfer between the wide companion and one or both stars in the inner pair, which could change their global properties. Tokovinin et al. (2006) showed that the fraction of close binaries with additional companions is as high as 96% for binary periods under 3 days. Given its orbital period of 2.2 days, it would therefore not be surprising if NP Per turned out to be triple. Although there is no evidence of a third star in our spectra, in the velocity residuals, or from our light curve analysis (L 3 = 0), the eclipse timings do show clear deviations from a linear ephemeris (Figures 3 and 4 ) that may well be caused by a wide companion, but could also have a different origin.
NP Per is an important PMS binary worthy of further study. A better determination of the Li abundance for the faint secondary would be helpful. We encourage also deeper searches for additional components in the system, such as by high-resolution imaging or higher signal-to-noise spectroscopy.
